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Lake Lahontan Units 10 LIST OF FIGURES FIGURE 1. Airphoto geology map showing distribution of Lahontan deposits and outwash. 14 FIGURE 2. Geology map (modified from Rose, 1969) showing distribution of Lahontan units and outwash. 15 provided information on the subtle expression of faults which cut alluvial material and are often not apparent in conventional aerial photography (Walker and Trexler, 1977) . The trenching program was altered from previous earthquake hazard reduction studies. The trenches were dug with large track mounted equipment and the face opposite the working face was stepped back to a 1:1 slope.
This strategy of trenching precluded the use of hydraulic shoring which requires funds for rental and man time for emplacement and removal. By using the techniques described above we are able to provide information on the physical properties of the geologic units, verification on the location of faults and determine the age of last movement along selected faults by trenching. Trenching of fault scarps provides additional information on 1) the spacial relation of the fault scarp to the fault trace, 2) the subsurface expression of the shear (zone), and 3) stratigraphic relationships as they will aid in recency of movement interpretations.
Many of the descriptions of the geologic units have been discussed in the semi-annual report. Those descriptions that are new or were significantly modified by later work are presented in this report.
2.
This study represents the first phase of a two-phased program dealing with the delineation of potential hazards associated with earthquake activity.
The results of this investigation are anticipatory to the second phase of the.
research program which directly addresses earthquake hazards associated with the suspected response of the geologic units to seismic loading. The geologic maps published as a product of this research will provide the needed baseline information for the earthquake hazard maps, which are the primary products of the program. 
Metavo1c ani c Rocks
Metavolcanic rocks are exposed in the southern portion of the Vista Quadrangle on both sides of the Truckee River in Sections 18 and 19 T19N,R20E and as a small circumalluviated outlier north of the river in Section 11. They are predominantly dark-grayish-green rocks irregularly stained with iron and probably represent metamorphic equivalents of basalt and andesite.
The age of the metamorphic rocks is probably Triassic with some being possibly as old as late Paleozoic (Thompson, 1956; Thompson and White, 1964) .
The Triassic age of the deposits is based on meager floral and faunal remains (Thompson, 1956 ).
Granodiorite and Related Rocks
Intrusive rocks of granodiorite composition are exposed in 3-areas; 1)
along the west front of the Virginia Range, 2) in the Steamboat Hills, and 3)
in the northwest portion of the Vista Quadrangle. The granitic rocks range in composition and texture, the most abundant type is granodiorite, which contains 4.
approximately 200% more plagioclase than orthoclase. Cradational changes in the amount of hornblende and biotite are the most conspicuous variations in mineralogy and also have been noted by Thompson (1956), and Rogers (1975 Previous studies in the Truckee Canyon by Birkeland (in Wahrhaftig and others, 1965, and Birkeland, 1968) defining the relationship between glacial outwash deposits and deposits of Lake Lahontan have been modified as a result of this study. Special care was made to use lithostratigraphic relationships as well as soil development and not to rely solely on soil-stratigraphic relationships as employed by Birkeland (1968) .
McClelland Peak Olivine Basalt River Canyon (Thompson, 1956 ). Potassium-argon age dating by Doell and others (1966) indicates an age of 1.14-0. Donner Lake and Tahoe outwash deposits were originally studied by Birkeland (_in Wahrhaftig and others, 1965; and in Birkeland, 1968) who attributed their existence to large-scale flooding of the Truckee River during glacial periods. Bingler (1976) has also described these gravels in the Reno Quadrangle.
In Truckee Meadows the sediments consist of light brown sandy pebble and cobble gravels that are moderately indurated, unsorted and massive and outcrop at an elevation of about 4,440 feet (1,353 m). Gravels are subangular to round and they contain few boulders, with the boulders being less than 0.6 rn diameter. Boulder counts yield basalt 58%, andesite 27%, metamorphic rocks 11% and rhyolite 4%. Cobble-pebble counts (combined) yield basalt 80%, andesite 10%, metamorphic rocks 9% and rhyolite 1%.
At Mustang the sediments are dark yellowish brown sandy large pebble and cobble gravels that are non-indurated, unsorted, moderately eroded and occur at an elevation of 4,390 feet (1,338 m). These deposits differ from Tahoe outwash at this locality in that they contain fewer boulders, none of which are greater than 0.6 m diameter, whereas Tahoe outwash contains boulders of up to 4 m diameter. Gravel clasts in Donner Lake outwash at this locality vary from angular to round, with the boulders being composed of basalt 68%, rhyolite 19%, plutonics 9% and andesite 4%. Combined pebble-cobble counts yield basalt 70%, rhyolite 10%, andesite 8%, altered andesite 7% and metamorphic rocks 5%.
Donner Lake outwash is overlain by soils with argillic horizons and petrocalcic-siliceous duripans. They are considered Illinoian age (Bingler, 1976; Birkeland, 1968) . The deposits consist of light yellowish brown to grayish brown sandy pebble and cobble gravel and gravelly muddy medium to coarse sand. They are non-indurated, unsorted to poorly sorted and massive. Soils on the deposits contain argillic B horizons and siliceous duripans. The sediments are.
considered Illinoian age because they are gradational with Illinoian Donner Lake outwash.
Old alluvium o_f Spanish Springs Valley (Qao)
Old valley-fill alluvium is present in Spanish Springs Valley in the northern part of the Vista quadrangle. The alluvium forms a moderately eroded flat terrace that is being dissected by streams in the valley.
The deposits consist of yellowish brown slightly gravelly medium to coarse sand and gravelly muddy coarse sand containing lenses of muddy very fine sand.
They are non-indurated, moderately to well sorted and thick bedded to massive.
9.
Soils on the deposits have argillic horizons and silceous duripans.
The sediments grade into old alluvial fans (Qfo) of Illinoian age, and therefore they are also considered Illinoian age.
Tahoe Outwash Deposits (Qto)
Glacial outwash deposits associated with Tahoe glaciation are exposed throughout Truckee Meadows and at Mustang. The deposits form an extensive low-gradient terrace in Truckee Meadows, but only remain as a dissected terrace remnant at Mustang. East of Mustang outwash terraces are present but are confined to the narrow Truckee River Canyon.
Tahoe outwash deposits have been studied by Birkeland (in Wahrhaftig and others, 1965; and in Birkeland, 1968) and Bingler (1976) who has described these deposits in the Reno quadrangle.
In the Truckee Meadows the deposits consist of yellowish brown to grayish brown non-indurated, sandy medium to large pebble gravel interbedded with lenses of slightly gravelly muddy fine to coarse sand (McKinney, unpubl. data).
Gravel clasts are subangular to round and composed of andesite 63%, rhyolite tuff 13%, plutonic rocks 11%, metamorphic rocks 9% and basalt 4%. They are exposed at elevations of approximately 4,400 feet (1,341 m), and are overlain by Holocene deposits.
At Mustang the deposits overlie weathered bedrock and consist of yellowish brown bouldery sandy pebble and cobble gravels that are non to weakly indurated, unsorted and massive. Large boulders are present that range from 1-4 m in diameter and are composed totally of basalt, probably locally derived. Boulders less than 1 m in diameter are composed of basalt 66%, andesite 15%, plutonic rocks 15% and metamorphic rocks 3%. Cobble and pebble gravels consist of basalt 76%, andesite 9%, altered andesite 5%, plutonic rocks 4%, metamorphic rocks 4% and rhyolite 2%. Bingler (1976) reports that the deposits in Truckee Meadows 10.
are 65 to 100 m thick, but at Mustang the gravels are only 3 m thick. To the east, at Patrick, however, the deposits are at least 7 m thick.
Tahoe outwash deposits are overlain by argillic soils containing columnar structure and clay skins. These soils indicate a Wisconsinan age for the deposits, which, when combined with the fact that they are older than Lake Lahontan [Eetza(?)] units, suggests that they are of early Wisconsinan age. Birkeland (1968) erroneously inferred them to be the same age as Eetza sediments (see section on Lake Lahontan units below).
Lake Lahontan Units
Remnants of lacustrine units associated with Pleistocene Lake Lahontan and others, 1965) . Briefly, Morrison (1964) found that during early Lake Lahontan time (35,000-75,000 BP) the lake reached a maximum elevation of 4,380 feet (1,335 m), receded to about 4,100 feet (1,250 m), and then rose again to 4,340 feet (1,323 m). During this lake interval coarse lake sediments (beach gravels) were deposited at elevations about 4,100 feet (1,250 m) and sands, silts, and clays were deposited below this elevation. Collectively these deposits are named the Eetza Formation. During middle Lake Lahontan time (25,000-35,000 BP) the. lake was intermittently dry and shallow; lake level was below 4,000 feet (1,220 m). During this recessional phase alluvial 11.
sediment was deposited and a distinct soil developed: the sediments are named the Wyemaha Formation arid the soil developed on them is called the Churchill soil. The Churchill soil is typically recognized as a Haplargid by soil taxonomic terminology (Bell and Pease, 1979 (Benson, 1978; Born, 1972) , although some of the ages of units and stratigraphic details of Lake Lahontan sedimentation have been modified (Davis, 1978) .
Near Mustang the Lake Lahontan sediments have been studied by several authors who have attempted to correlate them with formations of the Lake Lahontan Group in the Lahontan basin. However, none of these workers agree as to which stratigraphic unit the sediments belong. Birkeland (in Wahrhaftig and others, 1965; and Birkeland, 1968) was the first to describe them, and he interpreted them as being part of the Eetza Formation deposited during one of the early lake high stands. Birkeland's work relied heavily on soil-stratigraphy, and he did not use a sedimentologic approach to the problem (such as using lithologic criteria). Also, east of Mustang he apparently failed to recognize post-Churchill soils on Lahontan deposits or else mistakenly identified them as eroded Churchill soils, and concluded that all sediments between Mustang and Clark belonged to the Eetza Formation. Hawley (1969) pointed out that Birkeland's (1968) interpretation has not been "universally" accepted by workers familiar with the Lake Lahontan deposits near Mustang and predicted that some of those deposits may actually be of Sehoo rather than Eetza age.
12.
As part of the present investigation a detailed study was undertaken to determine whether the Lake Lahontan deposits exposed near Mustang belong to the Sehoo or Eetza Formations. The first phase of this study involved careful examination of Lake Lahontan sediments in areas where fairly complete and previously described stratigraphic sections were exposed that are near the sediments in question in the Truckee River Canyon. The Wadsworth amphitheater (S15,T21N,R24E) and a railroad cut (S31,T22N,R24E) were chosen as the best exposures of Lahontan stratigraphy based on previous work by Morrison (in Wahrhaftig and others, 1965) . In comparing nearshore sand facies of the Eetza 
16.
Eetza, age, but does not completely preclude the possibility that they are actually Sehoo, since they are of the same deltaic origin as those at Patrick. Lithologically, the deposits consist of light yellowish brown and yellowish brown muddy sandy small to medium pebble gravel and gravelly muddy medium to coarse sand. They are non-indurated, unsorted and thick bedded to massive.
The deposits at Mustang are tentatively regarded as Eetza
The deposits are overlain by cambic soils and are early to middle Holocene age.
Alluvium of Spanish Springs Valley and Truckee Meadows (Qa)
In Spanish Springs Valley and Truckee Meadows are slightly eroded deposits of valley-fill alluvium that are being dissected by active drainages.
The deposits consist of very pale brown to brown muddy very fine to medium sand, fine to medium sand and sandy mud with thinly interbedded sandy pebble gravel. They are non-indurated, well sorted and laminated to thickly bedded.
Soils overlying the sediments have cambic horizons; and the sediments are of early to middle Holocene age.
18. The sediments contain thin soils and are of late Holocene age.
Eolian Sand (Qe)
Dunes of eolian sand are present locally throughout the Vista Quadrangle,
The sand is yellowish brown to pale brown very fine to medium sand; nonindurated, well sorted and non-eroded. For the most part, soils on the sand lack pedogenic horizons (Entisols) but on some of the deposits A-C profiles are recognizable. The dunes are late Holocene age.
Mainstream gravel (Qmg)
Sand and gravel have been deposited on the active Truckee River floodplain. The sediments are the result of flooding along the the river, some of which has occurred during historic time (Bingler, 1976) .
19.
STRUCTURE Regional tectonic regimes impacting the Steamboat Quadrangle and the Vista
Quadrangle are: 1) the Sierra Nevada frontal fault system, 2) Basin and Range type normal faulting, and 3) the Olinghouse fault zone. A fourth type of structural orientation is also apparent which occurs where components of both the Sierra Nevada and east-northeast zones, such as the Olinghouse fault zone interact with one another (Trexler, 1979) . Where east-northeast zones intersect the Sierra Nevada front the manner of faulting is one of en echelon faults with small vertical offsets which combine to equal a total displacement of several thousands feet.
In the Steamboat Quadrangle faulting appears to have components of two of the major styles of deformation, Sierra Nevada and Basin and Range. Along the front of the Virginia Range in sections 34, 35 and 36 T19N,R20E and sections 1, 2 and 3 of T18N,R20E the combined effects of the Basin and Range and the Olinghouse trends are apparent. Here the range front exhibits the saw-tooth appearance that has been noted previously at regional scales as well as local scales (Bell and Trexler, 1979) . This saw-tooth appearance in the range front is caused by orthogonal sets of faults which have had movement continuously for some period of time, with each having similar rates of occurrence and magnitudes of displacement. This equilibrium in opposite sets of stress has been maintained since post-Kate Peak Formation time or less than 12 m.y. (Silberman and McKee, 1972) . Based on the present mapping both trends offset alluvial fan deposits The youngest age that can be attributed to faulting in the bedrock areas of the Virginia Range is post-Lousetown (~ 7 m.y., Dalrymple and others, 1967 ).
There does not appear to be any structural control to the alteration of the Alta and Kate Peak Formations.
In the Steamboat Hot Springs area in the southeast corner of the quadrangle faulting along a northerly trend is suspected to be the controlling factor for the hot spring location. The determination of the age of the faulting is difficult since siliceous sinter is continuously deposited.
Trenching of two fault segments in the Steamboat Quadrangle, which cut alluvium, provided information on the age of last movement. Based on soil development both faults are no younger than pre-Sangamon (early-to middlePleistocene) . The method of age determination and a detailed discussion of the results of trenching are discussed in the next section of this report. associated with the Olinghouse fault which has had historic surface rupture along an east-northeast trending segment 14 km (9 mi) east of the Vista Quadrangle. The total length of the zone is 23 km (14 mi) and 3.65 m (12 ft) of left-slip offset occurred as a result of the December 27, 1969 earthquake which had a magnitude of 6.7 (Sanders and Slemmons, 1979) .
Four faults enter the Vista Quadrangle from the east and have trends similar to the Olinghouse fault zone. Slemmons (1979) The lowermost development of soil (Csica) is characterized by a coating of silica and calicum carbonate on gravel clasts in gravelly alluvium and a strong well cemented duripan and coatings on clasts and ped surfaces. Boundary with alluvium below is diffuse.
The alluvium can be differentiated into five distinct mappable units.
These are shown on Figure 5 and range from sandy small pebble gravel (Unit 2) A soil horizon-Eolian fine sand. Brown (10YR 5/3), single grain, non-sticky, non-plastic. Boundary to B :t is abrupt and smooth.
B 2t soil horizon-Clay loam to sandy clay. Brown to dark (7.5YR 4/4) brown (moist color), strong angular blocky (1" peds), weak prismatic (2" peds), sticky, plastic. Boundary to B 3 is abrupt and smooth to wayy.
B 3 soil horizon-Loam light yellowish brown (10YR 6/4. m), massive to weak angular blocky (1" peds), slightly sticky, non-plastic. Boundary to Csica is diffuse.
Csica soil horizon-ln gravelly alluvium = coatings on gravel clasts with no cementation. Mostly duric. In clayey alluvium = strong, and well cemented duripan, coatings ' on clasts and ped surfaces, non-sticky, non-plastic, liqht yellowish brown (10YR 6/4, m). Boundary to alluvium is diffuse.
3.
4.

5.
Sandy small to large cobble gravel-yellowish brown (10YR 5/4), massive, unsorted, non-indurated.
Sandy small pebble gravel-brown (10YR 5/3), poorly to moderately sorted, non-indurated, graded bedding.
Sandy medium large cobble gravel-yellowish brown (10YR 5/4), unsorted, non-indurated, massive. Contains some 1 -2 foot boulders.
Sandy large pebble and small cobble gravel-brown (10YR 5/3), poorly sorted, non-indurated. Occurs as local lenses.
Muddy large pebble gravel-brown (7.5YR 5/4), unsorted, non-indurated.
Fault descriptions:
Main fault zone is apparent as a 1-2 foot wide disturbed zone containing a mixture of'alluvial debris from geologic units 1-3. Brown (10YR 5/4), loose, unconsolidated, roots in fractures. Main fault trace = N15E70W. Offset = 6 feet, which occurred in one movement. Other fracture at 55 feet trends N40E70W but tias no offset.
Fault age-Csica soil horizon is not displaced and have Csica in fault zone also. Thus faulting is pre-soil, and therefore, is slightly pre-Sangamon in age (probably about Mid-Pleistocene).
O 26.
through large pebble and small cobble gravel (Unit 4) to a sandy small to large cobble gravel, some boulders as large as .3-.6 m (1-2 ft) in diameter. The alluvial units range from unsorted to poorly sorted and are all non-indurated.
The main zone of displacement was encountered between stations 60 and 65
in Figure 5 . This zone consisted of a .3-.6 m (1-2 ft) wide disturbed area containing a mixture of alluvial debris from alluvial units 1 through 3. Abundant roots were apparent in the disturbed zone. Total offset measurable in the fault trace was 2 m (6 ft) and the orientation was N15E and dipping to the west at 70°.
The age of the fault is considered to be pre-Sanyomon because the faulting is pre-soil and the Csica Horizon is not displaced. This data would indicate a probable mid-Pleistocene age of last movement. A soil horizon-Loam-dark yellowish brown (10YR 4/4), non-sticky, non-plastic, massive. Boundary to B 2t gradual, smooth.
B 2 { soil horizon-Clay loam-dark yellowish brown (10YR 4/4), massive to weak subangular-subrounded blocky (0.5-2" peds), sticky, plastic. Boundary to B 3 gradual and smooth to wavy.
B3 soil horizon-Sandy loam-brown, massive, slightly sticky, slightly plastic. Boundary to alluvium abrupt and smooth to wavy.
Sandy small cobble gravel-Brown-dark brown (10 YR 4/3), poorly sorted, non-indurated, laminated to thin bedded, becomes moderately sorted large pebble gravel upwards; contains lenses of well sorted slightly gravelly medium to coarse sand at base.
1A. Sandy small to medium cobble gravel-Brown (10YR 5/3), unsorted, non-indurated.
2. Sandy large pebble qravel and qravelly coarse sandBrown to dark brown (10YR 4/3), graded bed sequence of sandy pebble gravel at base fining upward into moderately sorted gravelly coarse sand which then coarsens to unsorted sandy medium-large pebble gravel, laminated, non-indurated, clasts coated with CaCO, on undersides.
3. Sliqhtly gravelly medium to coarse sand-Yellowish brown, well sorted, non-indurated.
Open fractures and local disturbed zones with in-filling of overlying alluvium that has since weathered to B3 soil. Disturbed zones evidenced by destruction of bedding (or laminae). Small offsets of sand and pebble lenses of up to 0.5 feet show normal movement with east side downthrown. This is interpreted as the southern most end of this fault.
Fault age-All fractures have been clearly eroded before the soil developed on them. Soil here is a Haplargid, but since the soil on T-1 is Durargid, the age of the fault is pre-' Sangamon.
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sorted large pebble gravel upwards. The more continuous subjacent unit (2) is a sandy large pebble gravel and gravelly coarse sand. With minor variabilities the unit is laminated, non-indurated and CaCOo coats clasts on the undersides.
The lowest-most recognizable alluvial unit in Trench 2 is Unit 3 which is composed of slightly gravelly medium to coarse sand which exhibits a well sorted and non-indurated nature. Trench 3 was placed across a subtle tonal lineation apparent on low sunangle photography in S3,T18N,R20E. The surface material at this location is young fan deposits of Wisconsinan age. Soil development at this site is a duragid consisting of an A horizon of loamy sand that is loose, non-plastic and in part eolian sand ( fig. 7) . The boundary between this horizon and the B2t below is a graded smooth boundary. The B2t soil horizon is a clay loam which is slightly hard, sticky and plastic. The boundary with 63 below is a gradual smooth boundary Loam of the 63 horizon is hard, massive slightly sticky and slightly plastic. Its contact with Csica soil horizon below is an abrupt boundary. The Csica soil is a loamy sand, hard to very hard and well cemented.
The contact with the underlying alluvium is abrupt and well defined.
The alluvium below the Csica horizon can be differentiated into 3 units.
Unit 1 is a slightly gravelly coarse sand which is moderately sorted and moderately indurated. Unit 2 consists of well sorted medium sand which is non-indurated. A soil horizon-Loamy sand-light gray (10YR 7/2, m). Loose to slightly hard, single grain to massive, nonsticky, non-plastic, in part eolian sand. Graded, smooth boundary to B 2t .
B 2( soil horizon-Clay loam-strong brown (7.5YR 5/6, moist), slightly hard, sticky, plastic 0.5-2" strong subanqular blocky, weak Vi" platy at base with weak angular blocky. Gradual, smooth boundary to B 3 .
B 3 soil horizon-Loam-light yellowish brown (10YR 6/4), hard, massive, slightly sticky, slightly plastic. Abrupt wavy boundary to Csica.
Csica soil horizon-Loamy sand-pale brown (10YR 1/3), hard to very hard, well cemented, massive, 1 inch laminae and coatings on clasts and grains below laminae. Abrupt contact to underlying alluvium.
Oxided pods-brown-dark brown (7.5YR 4/4), loose, developed in fault zone during faulting.
1.. Slightly gravelly coarse sand-pale brown (10YR 6/3), moderately sorted, moderately indurated.
2. Medium sand-light yellowish brown (10YR 6/4), well sorted, non-indurated.
3. Sandy medium-large pebble gravel-pale brown (10YR 6/3), unsorted non-indurated.
Fractures filled with CaC0 3 leached down from Csica soil horizon as soil formed. General trend of main zones = N10W85E to N20W50W, with small offsets of 0.2-2 inches forming small graben. Largest offset = 0.8 feet in Unit 1. Oxided pods of loose alluvium have developed along fractures.
;
Fault age-Fault is pre-soil, with soil being a durargid, and therefore the fault is pre-Sangamon (early to mid-Pleistocene age).
Fault, dotted where weathered in soil
Diffuse soil boundary J J 30.
The lowermost alluvial unit appeared in the deepest portions of the trench and is a sandy pebble-gravel which is unsorted and non-indurated.
The trend of the faults in the main zone of disturbance ranges from N10W to N20W. The dip of the fissures range from slightly east (85°) to 50° west.
Small offsets of .5-5 cm (0.2-2 in) form a graben in the zone of major disturbance. The largest offset observed was 24 cm (.8 ft) in alluvial Unit 1,
The age of last movement along any of small faults exposed in the trench is early to mid-Pleistocene (pre-Sangoman). All movement was pre-soil and with the soil being a durargid this indicates the early to mid-Pleistocene age for latest movement.
